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Abstract
There had been previous successful explanations of Quantum Me-
chanics using the popular Copenhagen interpretation. In this paper,
we build an equivalent mathematical structure of Copenhagen Inter-
pretation from the Electromagnetic Field Theory and show how un-
certainty principle is associated with the ’collapse of states’. We also
try to provide a more intuitive method towards our understanding of
Quantum Mechanics.
Introduction
There had been previous works showing how electromagnetic fields can be ex-
plained using coherent states[1-4].There also had been notable works relating
gravity with uncertainty principle[5]. Here we try to build a new explana-
tion for Copenhagen Interpretation using Electromagnetic Field Theory in
Coherent states and the uncertainty principle. We try to implement a new
mathematical model which intuitively explains ’the collapse of states’ which
till now was postulated as a quantum mechanical phenomenon. A special
case of perturbation in quantum harmonic oscillator (which also governs the
Hamiltonian for electromagnetic fields in a box) is studied. We assume the
perturbed potential to be a Harmonic Oscillator that has been shifted by a
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fixed amount in the position space as well as momentum space.The Pertur-
bation is thought to arise from the only available interaction i.e. observation.
We start with the Hamiltonian as in [6], governing the Electromagnetic fields
in a box, of the form
Hˆ =
1
2
(pˆ2 + ω2qˆ2) (1)
which is that of a Harmonic Oscillator. As shown in [7], The Electric fields
show the classical behaviour i.e. follow the Maxwell’s equation (standing
wave solution), when the expectation value of the time dependent pˆ is calcu-
lated in the coherent states |α〉, where[7]:-
|α〉 = e− 12 |α|2
∞∑
n=0
αn√
n!
|n〉 (2)
where |n〉 are the energy eigenvalues of the Hamiltonian in (1). These coher-
ent states can also be obtained as :-
|α〉 = D(α) |0〉 (3)
where,
D(α) = exp(αaˆ† − α∗aˆ) (4)
where aˆ and aˆ† are the annihilation and creation operator respectively. That
is, we have:-
〈α| Eˆx(z, t) |α〉 = 2|α|ε0Re(αe−iωt) sin kz = 2ε0|α| cos(ωt− θ) sin kz (5)
(The classical standing wave solution to Maxwell’s equation.) However, when
the expectation value of the Electric field operator is calculated in the number
states(photon states) (states that diagonalize the Hamiltonian in (1)), we
have:-
〈n| Eˆx(z, t) |n〉 = ε0(〈n| aˆ |n〉 e−iωt + 〈n| aˆ†eiωt |n〉) sin kz = 0 (6)
This phenomenon accurately describe the double slit experiment in accor-
dance with the Copenhagen interpretation.
Since |α〉 can be written as in (2), one can view coherent states as a su-
perposition of superposition of number states. Whenever a measurement is
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made, the coherent state|α〉 collapses into one of the number states |n〉(in
accordance with the Copenhagen interpretation), since the expectation value
of Electric field is 0 in number states wave nature of light is not observed.
However when no measurement is made, no collapse of states take place es-
sentially and the Electric field gets some contribution from all the number
states |n〉(i.e. the expectation value of the Electric field is calculated in |α〉
states) and we get the classical electric field as in (5). Going further, we will
develop a new intuition in our understanding of collapse of states, and in a
way replace the collapse of states with a new Mathematical model.
We start with the well known Schrodinger’s equation:-
Hˆ |Ψ〉 = E |Ψ〉 (7)
In the Copenhagen interpretation, whenever a measurement is made we work
under the assumption that a collapse of states take place instantaneously .
However in this model, our focus is not to work on eigenstates i.e. we keep the
eigenstates intact and work with the only other element, the Schrodinger’s
equation can offer i.e. the Hamiltonian, i.e. we assume the instantaneous
change in the Hamiltonian. We basically say that observation results in the
change of the Hamiltonian rather than a change in the state. Let us give the
Hamiltonian an unitary evolution.
Hˆα = D(α)HˆD(α)
† (8)
However the change in the Hamiltonian has to be instantaneous, since we im-
plement the instantaneous collapse of states. We treat the new Hamiltonian
as a perturbation to our old system i.e.Hˆ , such that the sudden approxima-
tion[8] can be applied. The energy eigenstates of the Hamiltonian Hˆα can
thus be expressed as:-
|α〉n = D(α) |n〉 (9)
with the coherent state |α〉 = |α〉0 being its ground state. Let the Hamilto-
nian describing the electromagnetic field be described as:-
Hˆ = Hˆα at (t = t1) and Hˆ at (t = t2) (10)
Thus the Energy eigenstates evolve as:-
|ψ〉 (t) = |ψ〉 (t1) at t1 < t < t2, and
|ψ〉 (t > t2) = e−iH(t−t2)/h¯ |i1〉[8], Thus the expectation value of the operator
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< p(t) > can be shown to be:-
< pˆ(t) >= 〈ψ(t1)| pˆ |ψ(t1)〉 at t1 ≤ t ≤ t2, (11)
< ˆp(t) >= 〈ψ(t1)| eiH(t−t2)pˆe−iH(t−t2) |ψ(t1)〉 at t ≥ t2 (12)
Between t1 and t2 the eigenstates of the Hamiltonian < pˆ(t) > doesn’t evolve
and the value of < pˆ(t1 < t < t2) > comes out to be zero.However since the
change is assumed to be instantaneous t1 and t2 are almost same. However
for t ≥ t2 :-
< pˆ(t) > = 〈ψ(t1)| eiH(t−t2)pˆe−iH(t−t2) |ψ(t1)〉 (13)
= 〈ψ(t1)| aˆeiωt + aˆ†e−iωt |ψ(t1)〉 (14)
= 〈α| aˆeiω(t−t2) + aˆ†e−iω(t−t2) |α〉 (15)
= 2|α| cos (ω(t− t2)− θ) (16)
Here |ψ(t1)〉 is taken to be the ground state of the Hamiltonian Hα i.e.
|α〉 = D(α) |0〉 where |0〉 is the eigenstate of the Hamiltonian H . Thus the
corresponding Electric Field can be written as
< Ex(z, t) >= 2|α|ǫ0 cos (ωt− θ) sin kz (17)
Similarly we can find the magnetic field to be :-
< By(z, t) >= B0 sin (ωt− θ) cos kz (18)
(the factor of ωt2 has been absorbed in the phase difference θ) The above
result and calculation holds true for any state eigenstate of the Hamiltonian
Hˆα and for a generalized |α〉n and not only for its ground state. Thus here
for obtaining the classical value of Electric field we remain in the eigenstates
of the Hamiltonian Hˆα, and assume a sudden transition in the Hamiltonian.
This describes the wave nature of light. Now similarly for obtaining the
particle nature of light, we assume no change(transition) in Hamiltonian
takes place(i.e. we again remain in the energy eigenstates of Hˆα and the
time evolution takes place in accordance to Hˆα), and thus we obtain:-
〈α|n eiHαtpˆαe−iHαt |α〉n = 0 (19)
Thus we see in the new model proposed by us, act of no-measurement(non-
observing) is mathematically represented by the instantaneous change in
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Hamiltonian where as act of measurement(observation) is mathematically
represented by no change in the Hamiltonian. This is exactly opposite of
what happens with the states, where the act of observation is responsible for
change or collapse of states where as act of ’non-measuring’ or non observing
guarantees that the system stays in a superposition of states.
However, this new model precisely matches the results of the older one(Copenhagen
Interpretation) and we will further see how at times it is more useful while
explaining some fundamental relations. Previously the number states |n〉 di-
agonilized the Hamiltonian Hˆ but was unable to give the picture of classical
waves, for whose description we had to use coherent states |α〉. In our new
model, we only use one state nˆα but two Hamiltonians Hˆα and Hˆ where the
Transition of Hamiltonian from Hˆα → Hˆ gives the classical Electromagnetic
wave where as using just Hˆ[α] gives us the particle nature of light . From
(8), we have:-
Hˆα =
1
2
((pˆ−∆p|α| sin θ)2 + ω2(qˆ −∆q|α| cos θ)2) (20)
where ∆p = 〈α|n pˆ2 |α〉n − 〈α|n pˆ |α〉2n, and ∆q = 〈α|n qˆ2 |α〉n − 〈α|n qˆ |α〉2n
Thus we can come up with the explanation, for the transition of Hamiltonian.
The answer is pretty straight forward, and is what one would expect from
basic intuition i.e. the observed Hamiltonian is different from the initial
Hamiltonian governing the states, due to the uncertainties associated with
the measurement. The Hamiltonian Hα is thus the observed Hamiltonian,
since it has the terms associated with the uncertainties. (The values of
∆p(t) and ∆q(t) are both time-independent and thus at any point in time
the uncertainties associated with canonical position and momentum remain
the same, which is a signature of the coherent state )
However we also have a phase factor θ and a scaling factor associated with
α. Our next task is to find a meaningful answer if we only take the raw value
∆p and ∆q by setting θ = π/4 and |α| = √2, thus we get a Hamiltonian free
of any scaling factor or phase factor.
Hˆpi/4 =
1
2
((pˆ−∆p)2 + ω2(qˆ −∆q)2) (21)
Following this Hamiltonian we have:-
< Ex(z, t) >= E0 cos(ωt− ωt2 − π/4) sin kz (22)
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and,
< B(t) >= B0 sin(ωt− ωt2 − π/4) cos kz (23)
Thus ωt2+π/4 can be treated as a new phase factor φ. Also suggesting that
the new Hˆpi/4 can be used in place of Hˆα. However there is another problem,
we need to address, using ωt2 + π/4 as φ or the new phase factor means φ is
dependent upon t2 which is very small, since we have assumed instantaneous
transition, so that sudden approximation can be applied. However by small
t2, we mean
t2 <
h¯ω
∆E
[8](assuming t1 = 0), in our case, we performed Unitary transformations
on the Hamiltonian Hˆ, thus we had no change in the energy eigenvalues
which means ∆E = 0. Thus t2 can attain any real value of time, and we can
still successfully apply the sudden approximation to our perturbative change.
Thus φ can attain all the real values. Also the least value of phase factor φ
is not just limited to π/4, since −π/4 is also a viable option for representing
a Hamiltonian with pure uncertainties.Thus the phase factorφ can take any
real value and is not constrained by any factor.
This paper also shows how fundamental is the Sudden approximation. We
essentially replace one of the postulates of Copenhagen interpretation with
Sudden Approximation. We also must focus on the fact that the sudden ”col-
lapse of states” was previously considered to be pure Quantum Mechanical
Assumption. In this paper we had shown how it is nothing but a consequence
of the Uncertainty principle which holds true for any canonical pˆ and qˆ, for
[pˆ, qˆ] = ih¯
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